
Fluorescent in situ Hybridization 
FISH 



What is FISH 
•  Fluorescent in situ (rRNA) hybridization 
•  Relies on conserved and variable regions of 16S rRNA 
•  Uses ssDNA probes (typically 15-18 mers) 
•  Probes are tagged with fluorophores (e.g. FITC, Cy3 etc) 
•  Is done on fixed (dead) cells 



FISH is based on the facts that: 

•  All living organisms contain 
ribosomes made of rRNA (and 
proteins) 

•  The rRNA subunits of 
ribosomes (5S, 16S and 23S for 
bacteria) are well conserved 

•  Some regions of 16S are more 
variable than others between 
species and groups 

•  The number of ribosomes in a 
given cell is proportional to the 
maximal growth rate of that cell 



Comparison of large numbers of 
rRNA molecules (in particular 
16S) has identifed conserved 
and hypervariable regions. 

It is possible to design a probe 
that is specific for a single 
species or a whole group or all 
bacteria (almost) 





Benzoate Benzoate 

TCA TCA 

Benzyl alcohol metabolism in the consortium 

Acinetobacter is leaking benzoate in mono-species biofilm. 
P. putida R1 degrades the excreted benzoate in the two 
species consortium, optimizing growth of both strains.   

Microbial consortia investigated in 
 flow-chambers 

Commensal  
interactions  
in a two  
species consortium 

Two members of a  
natural toluene 
degrading community 
isolated from a 
creosote polluted site 



Microbial consortia investigated in 
 flow-chambers 

FISH (Fluorescence In-Situ Hybridization)  
used as phylogenetic stain (red, blue) 

Gfp used as activity reporter (turquoise/green) 

Acinetobacter C6 

P. putida R1 

Commensal  
interactions  
in a two  
species consortium 

Two members of a  
natural toluene 
degrading community 
isolated from a 
creosote polluted site 





”Landscaping” bacterial species in waste water biofilms 

Red: Specific probe against Nitrospira 
Green: Specific probe agains sublineage II Nitrospira 
Blue: Probe against Ammonia oxidizing bacteria 

Structure is the consequence of nutrient gradients 

Maixner et al (2006). Environ. Microbiol. 1487-1495 



Using FISH and RFP to visualize 
horizontal gene transfer. 

Green: recipient (Delfia 
acidovorans) FISH labelled with a β-
proteobacteria specific probe with 
FITC 
Red: Donor (Pseudomonas putida) 
harboring a plasmid encoding Rfp 
Yellow (boxed): Transconjugants 

Sørensen et al (2005) Nature Microbiol Rev 700-710 



CARD –FISH 

Ribosomes in fast growing cells are abundant (from 
70,000 to 6,000 per cell in E. coli growing at 
generation times of 24min to 100 minutes) 

In natural isolates these numbers may be much lower, 
giving a very low fluorescence signal 

CARD*-FISH is a new method to increase sensitivity 
of the FISH protocol 

*CAtalyzed Reporter Depostion 

Common problem: Harsh permeabilization conditions 
are needed, giving loss of cells in the process.  



CARD-FISH example 1 

Mixture of Acinetobacter 
calcoaceticus and Escherichia coli 

A: CARD-FISH with ACA probe 
B: FISH with ACA probe 

C: CARD-FISH with EUB probe 
D: FISH with EUB probe 

Schönhuber et al (1997) Appl. Environ. Microbiol. 3268-3273 



RING*-FISH 

Further increase of sensitivity. 

Probe is a 350-800 nucleotide 
RNA polynucleotide with a 
fluorescence label for each 20th 
nucleotide. 

Target: betalactamase gene 

A: High copy number plasmid in 
E.coli (rods) N=200-500 
B: Medium copy number 
plasmid N=30-50 
C: Low copy number plasmid 
N=15-20  

Cocci: N. Canis 

• Recognition of INdividual 
Genes 

Zwirglmayer et al (2004) Molec Microbiol. 89-96 



RING-FISH in combination 
with normal FISH 

Green: EUB probe 
Red: RING-FISH probe 

Target for RING-FISH: low 
copy number plasmid 
N=15-20 



More knowledge means less specificity (?!) 




